Adult male pigs were fed on a diet containing (% of energy) fat 25 starch 55 from white rice and providing 20 g fibre/pig per d (diet WR). In two other groups rice bran was added to the diet to provide 43 g fibre/d. One group received the diet unmodified (diet RB), but in another (diet RO) heat-stabilized unrefined rice oil replaced the palm oil. In a further group brown rice replaced white rice and provided 37 g fibre/pig per d (diet BR). Plasma cholesterol concentrations were similar with diets WR, RB and BR. With diet R O the concentration was significantly lower than with diets WR and BR but was not different from diet RB. Plasma high-density-lipoprotein-cholesterol and plasma triacylglycerols were unaffected by diet. In all groups, digesta mass rose from the caecum to the proximal colon but fell in the distal colon. Diet WR gave the lowest digesta mass while diet BR gave a significantly higher mass along the large bowel length. RB-and RO-fed pigs had equal masses of digesta which were intermediate between BR-and WR-fed pigs a t all sampling sites. Pools of individual and total volatile fatty acids (VFA) in the proximal large bowel were unaffected by diet. Pools of total and individual VFA in the median and distal colon were lowest with diets WR and RB and significantly higher with diet BR. In these regions of the colon pools of acetate in RO-fed pigs did not differ from those in the BR-fed group but were higher than in other groups. However, pools of propionate and butyrate with the R O diet were significantly lower than with diet BR and the same as with diets WR and RB. Portal venous VFA concentrations were unaffected by diet. The higher large bowel digesta masses and VFA with diet BR may reflect the escape of starch from the small intestine.
In many developed countries coronary artery disease and other degenerative illnesses such as colo-rectal cancer are common. These disorders are believed to be due to diets high in total and saturated fat and low in complex carbohydrates (National Research Council, 1989) . It is thought that to reduce the incidence of such chronic diseases fat consumption should be reduced to < 30 YO of energy, with saturated fat providing about 10 YO of energy. At the same time increased consumption of starches and fibre (non-starch polysaccharides (NSP) + lignin) is generally recommended (British Nutrition Foundation, 1990) . In some countries, such as Indonesia, the national diet is presently low in fat (about 20 YO of energy) with most of the energy coming from starchy foods such as rice (Biro Pusat Statistik, 1988) . Improved agricultural practice is leading to a better food supply in Indonesia with increases in total energy and in YO energy derived from fat. The latter increase is largely as palm and coconut oils which are believed to raise plasma cholesterol concentrations (Mattson & Grundy, 1985) . Although brown rice is higher in nutrients than polished (white) rice, in Indonesia and other Asian countries the latter is the form preferred by consumers because of the stability problems due to the high oil content of the unpolished product (Coffman & Juliano, 1987) . The rice bran generated during milling is used mainly for stock-feed (Hussein & Kratzer, 1982) . Rice bran is high in NSP and in oil which is rich in monounsaturated fatty acids and low in saturated fatty acids (Babcock, 1987) . This would be expected to lower plasma cholesterol (Mattson & Grundy, 1985) . Evidently rice bran has potential value as a foodstuff in such countries and the advent of stabilization means that brown rice and rice bran are now available in forms more acceptable to the consumer (Barber & Barber, 1980; Juliano, 1985) .
In the present study we fed pigs on a diet formulated from foods eaten in Indonesia based on the gross nutrient intakes of that country. This diet was low in NSP, with white rice as the major component, while palm oil was the main source of fat. In two other groups fibre was increased by feeding brown rice or rice bran in order to determine their effects on plasma lipids and on large bowel digesta mass and volatile fatty acids (VFA). The latter are formed by bacterial fermentation of NSP and may mediate some of the actions of fibre on colonic function (Fleming & Arce, 1986) . In the last group the diet included rice bran but rice oil was substituted for palm oil in order to ascertain any effects of plasma lipids.
M E T H O D S

Animals
Twenty intact adolescent male pigs (about 5 months old) of the Large White strain were used and were obtained from a commercial pig breeder (Millwood's Piggery, Eudunda, SA 5374, Australia). The animals were housed in individual pens and fed on a standard pig production diet (Pig Grower Pellets; Milling Industries, Murray Bridge, SA 5253, Australia) as described previously (Siebert et al. 1987) . All procedures described were approved formally by the Animal Care and Ethics Committees of the Division of Human Nutrition and conformed to published guidelines (National Health and Medical Research Council, CSIRO and Australian Agricultural Council, 1985) .
Diets
The experimental diets were based on the gross nutrient intakes of Indonesia and the daily amounts of the uncooked rice and other ingredients fed to each animal are shown in Table  1 . Apparent fat consumption in Indonesia is currently 20 O/ O of energy but is rising and is projected to reach 25 % by the year 2000 so the experimental diet was formulated on the latter figure and also provided 60 YO of energy as carbohydrate. There were four groups of five pigs fed on diets based on white rice (WR), brown rice (BR), rice bran (RB), and rice bran + rice oil (RO). In the first three groups palm oil was the major fat source whereas in the last group heat-stabilized rice oil was substituted for the palm oil. White rice (Sunwhite), brown rice (Sunbrown), rice bran (Sunfarm) and rice oil were obtained from Rice Growers Co-operative, Leeton, NSW 2705, Australia. White rice and brown rice were cooked by boiling 25 kg portions for 60 min with just sufficient water to hydrate the rice fully. After cooking, the rice was divided into portions to provide each animal with its daily ration. The cooked rice was put in plastic bags, sealed and stored at -20" before use. Soya protein isolate (PP590) was produced by Protein Technologies International and obtained through Goodman Fielder Wattie Ltd (Regency Park, SA 5010, Australia). Palm oil was purchased from Meadow Lea Ltd (Mascot, NSW 2020, Australia) . A commercial vitamin and mineral supplement (Milling Industries) was added to all diets. All the dry dietary components were mixed thoroughly, placed in plastic freezer bags in individual plastic icecream containers, sealed and stored at 2 4 " . One container held the daily ration for one pig. Palm oil was weighed out into individual plastic containers, sealed and stored at 2 4 " . Rice bran was measured out on a daily basis. Both the rice and other components stored in the cold were thawed overnight, placed in individual buckets and mixed thoroughly with 2 1 water. The contents of the buckets were presented as a single meal at 09.30-10.30 hours.
Sampling procedures
The sampling procedures used have been described in detail previously (Topping et al. 1993) . Briefly, the animals were sedated with ketamine (Ketapex; Apex Laboratories, St Marys, NSW 2760, Australia) and then anaesthetized with halothane in 0,. The abdomen was opened and the stomach and intestines retracted to expose the hepatic portal vein from which 20 ml blood was drawn into ice-cold tubes containing EDTA as anticoagulant. Plasma was separated by centrifugation and stored at -20" before analysis. The oesophagus and the rectum were ligated, the whole gut was excised and the caecum and colon laid out to a fixed length of 2.5 m. The caecum was tied off from the terminal ileum and proximal colon, and the colon was subdivided into five regions (each of 500 mm) which were isolated with ligatures. These sections were numbered 1-5 from the proximal colon to the rectum and their contents and that of the caecum were extruded and weighed.
Analytical procedures
The digesta contents were diluted with two volumes of ice-cold distilled water and homogenized for 20 s in a blender. The homogenized and diluted contents (10 ml) were freeze-dried overnight to measure moisture content, and 50 ml of the homogenate was frozen at -70" for the subsequent determination of VFA by gas-liquid chromatography (Topping et af. 1985) . Plasma VFA, total and high-density-lipoprotein-(HDL)-cholesterol and triacylglycerols (TAG) were assayed as described previously (Topping et al. 1990) .
Y . MARSONO A N D O T H E R S
Statistical methods
Data are shown as means with their pooled standard errors for the number of observations indicated. Statistical evaluation was by analysis of variance incorporating a calculation of least significance difference. A value of P < 0.05 was taken as the criterion of significance.
R E S U L T S
Food consumption and body weight gain
The mean body weight of the animals (n 20) at the start of the experiment was 49 (SE 1) kg. The animals found the diets palatable and all feed was consumed within 30 min of feeding which started each day at 09.30 hours. The experiment was terminated after 3 weeks and body weights were similar in all groups with means (kg) of: WR 58; BR 57; RB 58; and RO 56 (pooled SE 2).
Plasma lipids
Plasma total cholesterol concentrations were similar in the WR-, BR-and RB-fed groups. Concentrations with diet RO were significantly lower than with diets WR and BR but not with diet RB ( Table 2 ). The reduction was in low-density-lipoprotein (LDL) and very-lowdensity-lipoprotein (VLDL)-cholesterol (calculated by difference); HDL-cholesterol was unchanged. Total plasma TAG were also unaffected by the diet.
Liver cholesterol
Liver weights in the RO-fed group were significantly higher than with the WR-and RBfed groups. Livers of pigs fed on diet BR did not differ in weight from the other three groups. Liver cholesterol concentration and mass did not differ significantly between groups (Table 3) .
Caecal and colonic digesta mass and moisture content
The masses of total digesta (i.e. caecum + sections 1-5 of the colon) were (8): WR 433, BR 911, RB 602 and RO 712 (pooled SE 185). Diet WR gave a significantly lower mass than diet BR while those for diets RB and RO were similar and not significantly different from those for diets WR or BR. With all treatments digesta mass was low in the caecum, higher in section 1 of the colon and fell towards the distal colon (Fig. 1 ). The masses in the different regions of the colon maintained the same general relationship with the total i.e. highest with diet BR, intermediate with diets RB and RO and lowest with diet WR.
The water content of digesta was highest in the caecum and fell along the colon (Table  4) . It was the same with diets WR, RB and RO but significantly lower than with diet BR in all sections. The only exception was section 2 with diet RB which did not differ from any other treatment.
Large bowel VFA concentrations and pool size
With diets WR, RB and RO the concentration of total VFA paralleled that of the digesta weight and moisture content i.e. high in the caecum and proximal colon and low in the distal colon (Fig. 2) . However, with diet BR the profile was rather different with high concentrations being maintained in the distal colon. In the caecum and colonic section 1 there were no differences between any of the treatments but in all the remaining sections diet BR gave significantly higher values than diet WR. In sections 2-5 total VFA concentrations in pigs fed on diets WR and RB were the same and significantly lower than those fed on diet BR. In colonic section 2, concentrations with diet RO were the same as with diets BR and RB but significantly higher than with diet WR. In colonic sections 3 and .-
Caecum and colonic sections 5 diet RO did not differ from any of the other treatments but in section 4 the VFA concentrations with diet RO were lower than those with diet BR but the same as those in the WR-and RB-fed groups.
Calculation of the pools of individual VFA gave similar overall trends to those in total concentrations. In the caecum there were no effects of treatment on the pools of acetate, propionate or butyrate ( Table 5 ). In all sections of the colon the acetate pool was significantly lower with diet WR than diet RB. In section 1 this pool with diet RB was significantly higher than that with diet WR but in all other sections there was no difference between these two treatments. In sections 1 and 2 the acetate pool for diet RO was similar to those for diets BR and RB but significantly higher than that for diet WR. In sections 3-5, acetate pools were the same as for the other three groups. The propionate pool in colonic section 1 was highest with diet BR and lowest with diet WR. In this section diet RB was similar to diets RO and WR but significantly lower than diet BR. In sections 2-5 diet BR gave a significantly higher value than all other diets. Diets WR, RB and RO gave the same propionate pool size in sections 3-5 while in section 2 diets WR and RB were similar but diet BR was significantly higher. The pool size of butyrate in section 1 with diet WR was significantly lower than with diets BR and RO. In this region the pool size with diet RB did not differ significantly from any of the other diets.
Portal venous plasma VFA There were no significant differences in the concentrations of total or individual VFA between the dietary treatments. The combined mean (pooled SE) values were (mmol/l) : total VFA 0.84 (0,07), acetate 0.59 (0-05), propionate 019 (0.02) and butyrate 0-06 (0-01).
D I S C U S S I O N
It has been reported that brown rice and rice bran contain anti-nutritional factors such as a trypsin inhibitor (Juliano, 1985) which could reduce their food value. In the present experiments (using heat stabilized products) there were no significant differences in body weight gain suggesting that, at least in the short term, such factors did not affect feed conversion efficiency. Concentrations of total cholesterol were not significantly different between the animals fed on the three diets (WR, BR and RB) which contained palm oil. Rice bran has been shown to lower plasma cholesterol relative to wheat bran in rats (Topping et a/. 1990) and to modify total plasma cholestero1:HDL cholesterol in man (Kestin et a/. 1990) ; however, the present data suggest that rice bran per se did not lower cholesterol relative to the low-fibre, white rice diet. When rice oil was substituted for palm oil, plasma cholesterol was lowered by 8 YO relative to the corresponding rice bran diet and 18 % relative to the brown rice diet. This finding is not unexpected given that palm oil is known to raise plasma cholesterol in man (Mattson & Grundy, 1985) . The effects of rice oil are explicable in terms of its content of oleate and linoleate although a specific cholesterol-lowering effect of trace components such as y-oryzanol (Sharma & Rukmini, 1986; Seetharamaiah & Chandrasekhara, 1989; Nicolosi et a/. 1991 ) cannot be excluded. None of the experimental diets significantly altered plasma HDL-cholesterol or TAG concentrations. The SE associated with plasma TAG concentrations was rather large and the cause of this variation is uncertain. Inter a h , these data suggest that the recovery of rice oil and its use in place of palm and coconut oils in the Indonesian diet might be of benefit in the future control of plasma cholesterol in that country.
Fibre raises faecal bulk through the passage of undigested fibre and increased numbers of bacteria which accumulate as a result of NSP fermentation (Schneeman, 1986) . The present data obtained with white rice and rice bran are, to a fair degree, consistent with both these mechanisms. With diet WR, fibre intake was 20 g/pig per d and the total digesta mass was low. When dietary fibre was increased to 43 g/pig per d with rice bran, total digesta wet weight was greater by 40-50 YO. These data accord with those of Johnson et a/.
(1989) who showed that in rats rice bran increased faecal bulk although the effect was slightly less than that of wheat bran at an equivalent fibre intake. Examination of the distribution of digesta along the length of the hind gut of the pigs shows that the differences by sampling site between the RB-and RO-fed groups and the other two groups were not significant in spite of increased fibre. We have noted previously with pigs fed on diets of fibre content similar to those in the present study that the wet weight of total colonic digesta was increased with the wheat bran but that site differences were not significant (Topping et a/. 1993) , probably due to individual variation in digesta flow along the colon.
In spite of the fact that dietary fibre as 36 g/pig per d with diet BR, the total digesta wet weight was 110 YO higher than with diet WR and 28-51 YO higher than with diet RB. These data suggest that although increased NSP intake was important it did not appear to be the sole determinant of colonic digesta mass. The most likely cause of the additional increase with diet BR was resistant starch (RS) which may arise due to the physical inaccessibility of the starch for digestion (Englyst & Kingman, 1990) due to the presence of cell-wall material in the bran layer. It is known that in a number of foods a significant fraction of starch can escape ileal digestion and enter the large bowel (McBurney et al. 1988 ). This RS exists for a number of reasons including the amy1ose:amylopectin ratio, effects of any processing and the physical state of the food (British Nutrition Foundation, 1990) . The RS content of legumes is high (Goodlad & Mathers, 1990) and in the large bowel greater increases in digesta wet weight and water content are observed in pigs fed on navy (baked) beans than could be predicted by their NSP content (Topping et al. 1993) . We have to recognize that if RS were contributing to the greater mass of digesta with the BR diet then the conditions of cooking and storage may be an important factor. Cooking followed by freezing increases the RS content of certain foods (British Nutrition Foundation, 1990) . However, as the rice of all diets was treated in the same way in the present experiment it seems reasonable to assume that any resistance to digestion due to cooking and freezing of rice would be the same in all groups.
RICE, PLASMA L I P I D S A N D LARGE BOWEL V F A I N P I G S
Irrespective of dietary treatment, the mass of digesta and its water content were highest in the proximal colon and declined towards the distal colon. This is consistent with the predominance of bacterial NSP fermentation and the production of VFA in the proximal bowel (Argenzio & Southworth, 1974) , as reflected by high VFA concentrations in that region. A similar distribution of VFA has been noted previously in the pig (Topping et al. 1993) and in human trauma victims (Cummings et al. 1987 ) and stoma1 patients (Mitchell et al. 1985) . Although all diets had the same general pattern of distribution along the hind gut, distal colonic section concentrations were significantly higher with diet BR than with diets RB and WR.
The three diets enriched in NSP raised the concentrations of VFA and, through the expansion of digesta mass and fluid volume, pool sizes were also higher. In contrast to concentration, pools are an indication of the total available for absorption and/or excretion. Inspection of the pool sizes of individual acids (Table 5 ) shows that the caecal pools of acetate, propionate and butyrate were the same with all diets but in the colon diet WR gave the lowest and diet BR the highest values for all acids. With diets WR, RB and RO the pools of acetate, propionate and buytrate all rose from the caecum to colonic section 1 and then declined below caecal levels in the distal colon. For example, the size of the acetate pool in colonic section 5 as a percentage of that in the caecum ranged from 12 for diet RB to 29 for diet RO. For butyrate the relative decline was greater with corresponding values of 13, 23 and 34% for diets WR, RB and RO respectively. With diet BR the change was much less with acetate and propionate pools of 51 and 60 YO respectively of those in the caecum. For butyrate the fall was much less with a pool in section 5 about 90 % of that in the caecum. These data are similar in many respects to recent experiments in which we have noted that large bowel digesta mass and concentrations of total VFA and propionate were raised disproportionately with navy (baked) beans (Topping et al. 1993) . As mentioned previously, we believe the cause to be the same, i.e. RS which is fermented in broadly the same way as NSP. In the present study there seemed to be either preferential production of butyrate, as in man (McBurney et a!. 1990) , or conservation towards the distal colon. A possible reason for the RS in brown rice may be the grains themselves as rice bran has a smaller particle size than brown rice. Larger particles have a greater capacity to hold water (Kirwan et al. 1978) and their passage is more rapid than those of smaller ones (Brodribb & Groves, 1978) . Fragments of rice grains could be seen in the terminal ileum and proximal colon with diet BR and their passage along the colon might also explain the higher concentrations of VFA in the distal colon of pigs in that group.
Effects of diet on colonic butyrate area of particular interest. Butyrate is thought to be the preferred metabolic substrate for normal colonic mucosal cells (Roediger, 1982) and to inhibit the growth of transformed cells (Kruh, 1982) . It may be part of the mechanism whereby fibre-rich foods could protect against colo-rectal cancer. If this is so then the general increase in the butyrate pool throughout the colon with brown rice might be useful in enhancing such protection. Although there were quite considerable differences in the distal colonic concentrations and pools of VFA and of acetate, propionate and butyrate, there were none in their portal venous plasma concentrations. This situation has been noted previously in the pig (Topping et al. 1993) where it seems that portal venous VFA are influenced only by their concentrations in the proximal colon, particularly colonic section 2. Thus, it appears that the pig differs from the rat where portal venous VFA concentrations and transport appear to be governed by caecal VFA production (Goodlad & Mathers, 1990 ). This may not be surprising given that the rat is a caecal fermenter and has a specialized colonic musculature for retaining digesta in the caecum (Graham & Aman, 1982) . However, if the data from the pig are applicable to man they would suggest that faecal VFA concentrations are not indicative of those in the portal vein. This proposition adds a new dimension to the debate on the potential role of VFA in metabolic regulation. For example, it has been suggested that propionate formed from the hind gut NSP fermentation may play a role in the reduction of plasma cholesterol by such polysaccharides (Anderson & Chen, 1986) . However, it appears that the concentration of propionate required for the inhibition is rather higher than physiological levels (Illman et al. 1988 ). The present data also suggest that increased concentrations of colonic propionate were not predictive of raised portal venous levels and were unrelated to plasma total and HDL cholesterol.
